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CHAPTER 5 
EPOXIDATION WITH m-CHLOROPEROXYBENZOIC ACID 
5.1 INTRODUCTION 
The usefulness of epoxides in organic synthesis has been demonstrated 
convincingly.' Synthetic chemists still feel challenged to develop new methods to construct 
these highly strained and reactive species. Many epoxides are nowadays available in 
enantiomerically pure as a result of efficient asymmetric synthesis. Elaborated derivatising 
methods2 have played an important role in the synthesis of natural and pharmaceutical 
products, food additives and pesticides. Although nature uses epoxidation in the 
metabolism of aromatic and olefinic compounds,3 epoxides themselves are not commonly 
encountered in living systems.4 Epoxides are generally very poisonous and are suspected 
to be carcinogenic.'. 
5.1.1 Synthetic Methods For Epoxides 
Fig 5.1 
Today, epoxide synthesis is usually achieved through one of several well optimized 
methods. The variety of methods allows preparation of very different functionalized 
epoxides. A few general methods to illustrate the wide possibilities are shown in Fig. 
5.1.'~~ Cyclization of halohydrins (eq. I), the Darzens condensation of a-haloesters (eq. 
2), S-ylide addition to aldehydes or ketones (eq. 3), and the epoxidation of olefins (eq. 
4) are all methods that are of wide applicability and that can lead to different types of 
epoxides. The last method will be discussed in more detail because of the subject of this 
chapter: the epoxidation of acetals of a,A-unsaturated aldehydes. 
Epoxidation of olefins can be accomplished by peracids or by transition metal 
catalysis.778 Epoxidations by peracid have been known for a long time, however, transition 
metal catalysis is still a constantly developing approach that has received much attention 
the past two decades. A comprehensive review on this subject was published in 1989.8 
Fig. 5.2 
Peroxides can epoxidize carbon-carbon double bonds through different 
mechanisms. Alkaline hydrogen peroxide solutions are capable of epoxidizing carbon- 
carbon double bonds that are conjugated with electron-withdrawing groups; this is in fact 
a Michael-type reaction (Fig. 5.2): Peroxides form epoxides with alkenes in the 
Prilezhaev reaction, which is believed to be a one step transfer of oxygen to the double 
b~nd.'*~s'~ Some evidence exists that a 1,3-dipolar addition is actually taking place in some 
cases (Fig. 5.2). Important features of the reaction that are consistent with either 
mechanism are:7910 
1. The reaction is first order in both the alkene and the peracid. 
2. The reaction rate increases in more polar aprotic solvents. 
3. The addition is stereospecific. 
4. Electron-donating substituents increase the reaction rate. 
5. Substituent effects indicate that the alkene is nucleophilic by nature and the 
peroxy acid electrophilic. 
The reaction is of wide scope and many functional groups can be tolerated. The 
Prilezhaev reaction thus permits the preparation of a variety of epoxides. 
Scheme 5.1 Epoxidation of 4-methylcyclopentene 
The epoxidation of alkenes by peroxy acids displays two other aspects that can 
play a role in the asymmetric synthesis of epoxides. Steric influences and the possibility 
to form hydrogen bridge were found to be important in directing the oxygen transfer of 
the peroxy acid to the carbon-carbon double bond." In the epoxidation of 4- 
methylcyclopentene 5.1 (Scheme 5.1) by perlauric acid the trans epoxide 5.2 was formed 
in excess (5.2:53 = 3:1), by epoxidation from the least hindered side of the olefinic 
linkage.12 The ratio 5.2:53 was found to be independent of the solvent, and was ascribed 
to the steric influence of the 4-methyl substituent. Epoxidation of cholest-Zene also took 
place from the least hindered side of the molecule. The axial D-methyl groups caused the 
epoxidation to take place from the a-face of the molecule. Additions to carbon-carbon 
double bonds in general do take place from the least hindered side. 
Hydrogen bond formation can offset the influence of steric hindrance. Alcohols, 
ethers, and amides are capable of forming a hydrogen bond with the peroxy acid. In 
aprotic solvents this hydrogen bond formation will lead to an excess of the cis-epoxide 
provided that this hydrogen bond forming functional groups is 
5.7a R = H 
b R = CH, 
HN-CC , H, 
1 
Scheme 5.2 Hydrogen bond directed epoxidations 
properly oriented towards the carbon-carbon double bond. In Scheme 5.2 some examples 
are given. Cyclohexen-2-ol(5.4a) gave upon epoxidation in benzene only cis-epoxide 5.5a, 
but acetate 5.4b gave a mixture of 5.5b and 5.6b in which the trans epoxide was present 
in exces~.'~ Cyclopenten-4-01 (5.7a) was epoxidized in acetonitrile or cyclopentane to a 
mixture of cis epoxide 5.8a and trans epoxide 5.9a in a 3:l ratio." The corresponding 
methyl ether 5.7b, however, showed a preference for trans-epoxidation. Heathcock and 
Schlessinger observed similar behaviour in the m-chloro peroxy benzoic acid (mCPBA) 
oxidation of allylic silyl ethers.13114 Cis-epoxidation was, however, observed in the 
oxidation of allylic t-butyldimethylsilyl ethers with the more acidic trifluoroperacetic 
accid.ls Amides turned out to be excellent directors of cis-epoxidation. Oxidation of 3- 
benzamidocyclohexene (5.10) by peracetic acid gave cis epoxide 5.11 (Scheme 5.2) as the 
only product.16 The same result was observed in the epoxidation of iso-butylamide of 3- 
cyclopenteneacetic acid 5.12a, in which only 5.13a was observed." The corresponding 
ester 5.12b gave on epoxidation a 3:l cis/trans mixture of 5.13b and 5.14b. This 
diminished selectivity can be attributed to the lower basicity of the ester carbonyl oxygen 
compared to the amide carbonyl oxygen. These examples show that it is possible to 
deliver the oxygen from the peroxy acid selectively to one side of the double bond 
through hydrogen bond formation with properly oriented functional groups that contain 
hetero atoms that are capable of forming such a hydrogen bond. 
5.1.2 Stereoselective Epoxidations 
The best known and most efficient asymmetric epoxidation is, no doubt, the 
Sharpless epoxidation of allylic alcohols.1s The method has enormous synthetic potential 
as whitnessed by the many papers that have been published on this 
Scheme 5.3 Sharpless epoxidation of allylic alcohols 
Allylic alcohols are epoxidized by t-butylhydroperoxide (TBHP) in the presence 
of Ti(1V) and (+)- or (-)-diisopropyl tartrate. The reaction is catalytic, but less reactive 
substrates require stoichiometric amounts of Ti(1V) and tartrate2' (Scheme 5.3). The 
enaniomeric excess of the reaction is often excellent (ee r 90%) and the absolute 
configuration of the products are predictable. Allylic alcohols 5.15 are epoxidized in the 
presence of natural tartrate from the bottom side of the carbon-carbon double bond. 
Several catalytically active titanium(1V)-tartrate complexes have been isolated and their 
structures have been elucidated by X-ray ~ r ~ s t a l l o g r a p h ~ ? ~ ' ~ ~ ~ ~  Recently, more kinetic data 
and structural features of active titanium species have been p~blished.'~ Chiral secondary 
allylic alcohols undergo kinetic resolution in the presence of 0,5 equivalents of TBHP and 
a 1,2 ratio of DIPT and T i ( O - i - p r ~ ~ ) . ' ~ ~ ~ ~  
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Scheme 5.4 Stereoselective epoxidations of alkenes 
A few other methods for the stereoselective epoxidation of alkenes have been 
published. Epoxidation in the presence of a chiral base and epoxidation by a chiral 
peroxy acid deserve mentioning (Scheme 5.4). Chalcone and 1,6naphthoquinone 
derivatives were epoxidized by Marsman, Hiemstra and Wynberg under phase transfer 
conditions in the presence of cinchona a~kaloids."~'~ Enantiomeric excesses of the 
products did not, however, exceed 50%. Colonna realized ee's up to 24% in the reaction 
of 1,4-naphthoquinones with peroxides in DMFIsolid Na2C0, in the presence of a- or B- 
~~clodextr ins .~~ Epoxides with a low enantiomeric excess (1-5%) were also obtained when 
chiral peroxy acids were used (Scheme 5.4).27-29 The enantiomer found in excess could 
be predicted by assuming that the bulkier groups in the transition state will be arranged 
in such a way that evokes the least steric hindrance. 
Chiral epoxides can also be formed in a process without a direct epoxidation of 
a carbon-carbon double bond. a,B-Unsaturated carboxylic acids are transformed to 
(2R,3S)-epoxy aldehydes through a bromolactonisation process of the (S)-N-(a$)- 
unsaturated acylprolines in enantiomeric excesses of ~4-94%.~" Chlorohydrins were 
transformed to epoxides using an optically active Co(I1) complex as catalyst and K,CO, 
as base. The highest enantiomeric excess obtained was 67%.31 
In the synthesis of natural products an asymmetric epoxidation step is frequently 
encountered. A few examples are the synthesis of clano~samine,3~ van~osamine,~' and 
r i~toamine.~~ 
5.2 EPOXIDATION OF CHIRAL 2-ALKENYL ACETALS 
5.2.1 Introduction 
In the previous section, literature examples of epoxidations were presented, in 
which the oxygen transfer from the peroxy acid to the carbon-carbon double bond was 
directed to one side of this double bond as a result of the presence of a properly oriented 
H-bond forming substituent. No reports on the epoxidation of cyclic chiral acetals of 
optically pure diols have been published to our knowledge, despite the fact that 
asymmetric cyclopropanations of these acetals have been shown to offer good 
opportunities. In Chapter 4, the cyclopropanation of optical pure 2-alkenyl-4-aryl-5,5- 
dimethyl-1,3-dioxanes 2.19 have been discussed. 
The degree of stereoselectivity in the epoxidation of these type of acetals will be 
determined chiefly by two effects. The steric hindrance caused by the Caryl substituent 
in acetals 2.19 can result in a preferred epoxidation by the peroxy acid from the opposite 
side of the molecule. A possible H-bond between an ethereal oxygen and the peroxy acid 
is most likely to take place at the alkyl oxygen, and is expected to reinforce the selectivity 
caused by the steric hindrance of the Caryl group. 
Fig. 5.3 
Acetals 2.19 (Fig. 5.3) were epoxidized by m-chloroperoxybenzoic acid to test the 
possibilities of this type of reaction for obtaining a high diastereomeric excess. The results 
are described in following sections. 
5.2.2 General Reaction Characteristics of the Epoxidation of Unsaturated Acetals: 
Reactivity and Side Reactions 
The rate of epoxidation of a,B-unsaturated aldehydes by peroxy acids is strongly 
retarded as a result of the reduced electron density of the carbon-carbon double bond, 
and consequently prior protection of the aldehyde function is required. a,B-Unsaturated 
aldehydes that are protected as cyclic acetal or as di-acetate are known to give epoxides 
in good chemical yield on treatment with a peroxy Noncyclic acetals, saturated 
as well as unsaturated, undergo oxidation to carboxylic esters 5.18 and epoxides 5.19 are 
only by-products (Scheme 5.5).35 This reaction is catalyzed by strong acids. Cyclic acetals, 
unlike non-cyclic acetals, are unaffected in the absence of such a catalyst.35 A synthetic 
application of this (for us undesired reaction) is the peroxy acid oxidation of cyclic methyl 
acetals (oxygen methylated lactols) to lactones that takes place with BF,-etherate as 
catalyst.37 
The peroxy acid oxidation of acetals to carboxylic eters possesses an apparent 
similarity with the ozone oxidation of acetals. The products of the ozone oxidation, which 
was described in Chapter 4, are also carboxylic esters. This apparent similarity, however, 
is misleading, since the greater reactivity of acyclic acetals, to peroxy acids compared to 
their reactivity to ozone, is reversed for cyclic acetals. Peroxy acids and ozone act on 
acetals by two distinct mechanisms."*38 Peroxy acid oxidation of acetals takes place 
through a transient oxonium ion that is generated by the acid catalyst,36 while the ozone 
oxidation of acetals takes place by insertion of ozone in the acetal carbon-hydrogen 
bond3' (Scheme 5.6). In the epoxidation of stable five and six membered Zalkenyl 
substituted cyclic acetals no obvious reason exists why this side reaction would cause us 
any problem, especially because no acid catalyst is needed. 
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Scheme 5.5 Oxidation of unsaturated acetals by peroxy acids 
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Scheme 5.6 Oxidation of acetals to carboxylic esters 
5.23 Epoxidation of 2-Alkenylacetals 2.19 
Epoxidation reactions of 2-alkenyl acetals 2.19 were generally run in 
dichloromethane as solvent and with m-chloro peroxybenzoic acid as oxidant (see for the 
purity of mCPBA the general remarks of the Experimental Section of this chapter). Two 
parameters are important in this reaction, namely: reaction temperature and 
concentration. The optimized results are summarized in Table 5.1. 
a Concentration in g/100rnl in CHC13 
b Established by integration of 300 MHz 'H-NMR 
Table 5.1 Epoxidation of acetals 2.19 
Basically, the best results were obtained when 1.1-1.5 equivalent of mCPBA were 
added to an approximately 0.3-0.5 M solution of the 2-alkenyl acetal2.19 in CH2C12 that 
was stirred at 0-2°C. At these concentrations 70-75% of the m-chlorobenzoic acid formed 
during the progress of the reaction precipitated from solution. During the 
experimentation the following characteristics of the epoxidation reaction emerged. 
1. The epoxidation of a,B-unsaturated acetals 2.19 turned out to be slow at the 
concentrations of 0.3-0.5 M that we commonly used for both the acetal and the 
mCPBA. For instance, after stirring a solution of an acetal 2.19 with 1.2 
equivalents of mCPBA at O"C for 5-6 hrs about 10-15% of unchanged acetal was 
still present. Therefore, addition of mCPBA to a solution of unsaturated acetal 
2.19 was carried out at 0°C. The reaction was allowed to slowly warm up to room 
temperature (about 3-4 hrs), at which temperature the reaction mixture was 
stirred for another 2 h. On using this procedure all starting material was 
consumed, and no olefinic 'H-absorptions were detectable in the 'H-NMR. 
2. The chemical yields of these epoxidations are generally high, about 90%. No 
starting material was observed in the 'H-NMR spectra of the crude products. 
Some material losses occurred during work-up and purification by column 
chromatography (neutral A1203). Although the epoxides can be purified by 
distillation, some decomposition took place during this process, for which 
temperatures above 140-150°C (0.5-0.1 mmHg) were necessary. 
3. Although epoxidations are in general slightly exothermic, no elavation of 
temperature of the reaction mixture could be observed. This is not surprising 
considering the slowness of the reaction. 
4. Slightly more than 1.0 equivalent of mCPBA was required to complete 
epoxidation of all the unsaturated acetal. The use of more peroxy acid, however, 
did not lower the yield of epoxide. 
5. The epoxides are well distinguishable from their parent a,&unsaturated acetals 
by NMR techniques. Especially the 'H-NMR spectra revealed differences that 
make identification of the epoxidized product 5.21 easy. The olefinic hydrogen 
signals of the starting material had disappeared in the 'H-NMR spectra of the 
crude reaction product and the characteristic signals of epoxide protons were 
present in the 3-4 ppm region. The 13C-NMR spectra of the epoxides 5.21 showed 
doublets for the epoxide ring carbons at approximately 40-60 ppm. 
6. The diastereoselectivities in the epoxidation reaction of 2-alkenyl acetals 2.19 are 
low. These results will be discussed in the next section. 
5.2.4 Diastereoselectivity in the Epoxidation of 2-Alkenyl Acetals 2.19 
The 300 MHz 'H-NMR spectra of epoxides 5.21 showed signals for the acetal 
hydrogens that consisted of two doublets. Integration of these doublets gave a reasonably 
accurate estimation of the diastereomeric excess of these epoxides. The signals of the 
benzylic hydrogens were also split into doublets, but accurate integration was not 
possible. Fig. 5.4 shows the expanded acetal- and benzylic hydrogen signals in the 300 
MHz 'H-NMR spectrum of epoxide 5.21a. The other two epoxides, 5.21b and 5.21c, 
exhibited smaller differences in the 300 MHz 'H-NMR spectra for both diastereomers, 
but it was clear that diastereomeric excesses were small. In Table 5.1 these estimated 
diastereomeric excesses are given and they lie in the range of 6 to 20%. These results are 
discussed and rationalized as follows. 
Fig. 5.4 Part of the 'H-NMR spectrum of epoxide 5.21a 
Epoxidation of Zalkenyl acetals 2.19 are likely to occur from the least hindered 
side of the molecule, since epoxidation reactions with peroxy acids are known to be 
susceptible to steric influences. This means that the mCPBA probably approached the 
2-alkenyl acetal 2.19 from the opposite side of the 4-(0-chlorophenyl) substituent. 
Approach of the peroxy acid to Zalkenyl acetals 2.19 from other side of the molecule will 
clearly meet a greater steric hindrance as a result of the aryl substituent on C-4. 
(2R,4R, l1S,2'R) 5.21 
Fig. 5.5 
The orientation of the Zalkenyl side chain is likely to have a crucial influence on 
the face selectivity of the epoxidation reaction. In Fig. 5.5 the two extreme orientations 
2.19A and 2.19B for the Zalkenyl side chain are represented. In Chapter 4 we have used 
these two orientations in the discussion on the stereochemical course of the 
cyclopropanation reactions of 2-alkenyl acetals 2.19. The conclusion of this discussion was 
that 2.19A was the more reactive orientation, because an oxygen complexed zinc- 
carbenoid will be in a closer proximity to the carbon-carbon double bond in 2.19A than 
in 2.19B. 
If a hydrogen bond between the peroxy acid and the acetal is real then the carbon-carbon 
double bond in 2.19A is in a better position to be epoxidized than it is in 2.19B. This 
hydrogen bond is, based on steric arguments, most likely to take place at the alkyl ether 
oxygen. 
The low diastereoselectivities in the epoxidation of 2-alkenyl acetals 2.19 (Table 
5.1) shows us that either one or both of the above discussed stereodifferentiating criteria 
do not operate sufficiently enough to control the stereochemical course of the reaction 
to such an extent that a high diastereoselectivity is the outcome. 
The effect of the olefinic substituent on the diastereoselectivity of the reaction has 
not been fully investigated. However, the least steric demanding substituent, the methyl 
group (entry a, Table 5.1) showed the lowest diastereoselectivity in this epoxidation 
reaction. 
5 3  CLEAVAGE OF EPOXIDES 5.21 
53.1 Acidic and Basic Reaction Conditions 
Nucleophilic opening of epoxides have been carried out under acidic, basic, and 
even neutral reaction  condition^.^ Under neutral and basic conditions the nucleophilic 
attack normally follows a SN2 pathway and inversion of configuration is observed. 
Backside attack of the nucleophile takes place at the least hindered (substituted) carbon 
atom leading to products, in which the 1,2-substituents possess a trans relationship to 
each other. Acid catalyzed reaction mechanisms have been less studied; they appear to 
be "borderline" SN2? Often the nucleophile ends up at the more substituted carbon 
atom, indicating some degree of a positive charge in the transition state of acid catalyzed 
epoxide cleavage. However, inversion of configuration also is characteristic of these type 
of reactions and the observation forms an argument against the existence of a free cation 
in the transition state. All kinds of nucleophiles are appropriate for epoxide cleavage; this 
includes carbon nucleophiles as well as heteroatomic nu~leophiles.~ Hydride transfer 
reactions from reductive metal complexes have also been extensively studied. 
R - CH3; (CH2)*CH3; C6H5 
R' = CH3; C2H5 
ac id  or base: H2S04; HC1; NaOR' 
Scheme 5.7 Cleavage reaction of epoxides 5.21 
We have investigated the reaction of epoxides 5.21 with a number of heteroatomic 
nucleophiles under various reaction conditions (Scheme 5.7). Addition of 1.5 mmole of 
an epoxide 5.21, in 0.5 ml of methanol or absolute ethanol, to 2 ml of a 1% sulfuric acid 
solution, also in methanol or absolute ethanol, and subsequent stirring at room 
temperature for several hours did not result in the isolation of well defined products. On 
the contrary, thin layer chromatography and 'H-NMR analysis of the crude reaction 
product showed that decomposition of the starting material to an unidentifiable mixture 
had taken place. The same observation was done for the reaction of epoxide 5.21 in a 
0.1 M solution of sodium ethoxide or sodium methoxide. 
posner41 has reported that neutral alumina (activity grade super I):~ which was 
previously doped with 4% of a compound with the general structure RZH (RZ = RS; 
RO; RNH; AcO), promoted the epoxide cleavage in a heterogeneous reaction in diethyl 
ether at 25OC. These reactions show a high degree of regio- and stereoselectivity and 
proceed often more effectively than their homogeneous counterparts. 
Et70/A1703 
2O0C 




R = CH3; (CH2)2CH3; C6H5 
Scheme 5.8 
However, we did not observe any conversion at all when we applied this method 
to our epoxides 5.21 (Scheme 5.8). Only starting material was isolated after exposure of 
an epoxide 5.21 to alumina (neutral grade I, chromatographic material of Merck), that 
was previously doped with methanol or glacial acetic acid, according to the procedure of 
Posne~.~' Two reasons can be attributed to this failure of reaction of epoxides 5.21. The 
first is that epoxides 5.21 are too sterically hindered to allow an effective complexation 
to the AI,O,. This is in line with the experience of Posner with severely hindered 
epoxides (Fig. 5.6).41b The second reason may lie in the quality of the aluminia that was 
used in this reaction. Posner refers to "super grade I" alumina, but he gave no reference 
to what was meant by this, although he did refer to an article of ~rockmann.~' However, 
Brockmann only made a distinction of activity grades I tot IV, and supergrade I was not 
mentioned by him in his article. Nevertheless, the lack of reactivity towards the above 
mentioned reaction conditions of epoxides 5.21 is probably due to their high degree of 
steric crowding. 
Fig. 5.6 Severely hindered epoxides 
53.2 Reductive cleavage of Epoxides 5.21 with "Super Hydride". The Formation of a- 
Hydroxy Acetals 
Epoxides react with metal hydride complexes to give alcohols. With unsymmetrical 
epoxides the higher substituted alcohol is normally formed; which means that hydride 
transfer takes place at the least hindered epoxy carbon atom. LiAlH, is the reagent most 
frequently used and which use has been extensively studied. The transfer of the hydride 
from the metal complex to the epoxide is a S,2 type process with complete inversion of 
configuration.43 However, serious limitations have emerged in the use of LiAlH, in the 
reduction of hindered epoxides. These reactions appear to be sluggish and are often 
incomplete, moreover rearrangement products were frequently found. 
Brown and co-workers showed that lithium triethylborohydride is superior to 
LiAIH, in the reduction of ep~xides."~ The advantages of LiEt3BH over LiAIH, are 
several. Brown observed: higher reaction rates, higher chemical yields, a better 
regioselectivity and no rearrangements. This means that LiEt3BH possesses no 
electrophilic character. In %2 displacement reactions with alkyl- and cycloalkyl halides, 
LiEt3BH showed a nucleophilic power that surpasses that of the best known nucleophiles 
like thiophenoxide and alkyl m e r ~ a p t i d e s . ~ ~ . ~ ~  The name "Super Hydride" for LiEt,BH is 
well grounded in these facts and its reputation is now well established by its commercial 
a~ai1abilit-y.~~ 
Scheme 5.9 Cleavage of epoxides 5.21 with LiEt3BH 
In Scheme 5.9 the reaction of epoxyacetals 5.21 with LiEt3BH in a THF solution 
is depicted. Although the two isomeric hydroxy acetals 5.24 and 5.25 are both conceivable 
products, only one was actually found. On the basis of NMR spectra ('H; 13C) and 
massspectrometry data we concluded that a-hydroxy acetals 5.24 are the only products 
formed in the reductive cleavage of epoxy acetals 5.21. This conclusion will be 
substantiated in a discussion in the next section. 
The reductive cleavage of epoxy acetals 5.21 could easily be monitored by thin 
layer chromatography (A1203, neutral; hexane/CH2C12 3: I), since epoxides 5.21 and the 
hydroxy product have very different Rf-values (0.7-0.8 vs 0.2-0.3). We anticipated that the 
reaction of epoxides 5.21 with "Superhydride" would be quite slow. This low areactivity 
would be in accordance with the observation of Brown that steric hindrance diminishes 
the reaction rate.45 In these cases, several hours of stirring at room temperature of an 
epoxide solution with an excess of LiEt3BH was necessary to obtain an optimum 
conversion. This slow reaction was indeed observed for the reductive cleavage of epoxy 
acetals 5.21 with LiEt3BH. Although the cleavage of epoxyacetals 5.21 were clean 
conversions (only one regioisomer was found), various runs showed diverse chemical 
yields of purified products. These problems in the reproducibility probably arise during 
work-up, because almost no starting material is present after quenching the reaction 
mixture when it has been stirred as indicated above, and the 'H-NMR showed only some 
minor impurities. During the column-chromatography some of the hydroxacetal5.24 was 
lost on the column. The chemical yields in Scheme 5.19 refer to average values that were 
obtained in almost any run. In any way, maximum chemical yields are up to 10% higher 
than these average values. 
It is important to note that a-hydroxy acetals 5.24, having optical rotations as 
mentioned in Scheme 5.10, were made from epoxy acetals 5.21 which have optical 
rotation shown in Table 5.1, and that these values are reproducible within one batch of 
epoxides. This can be seen as an important indication that the hydride transfer from 
LiEt3BH to epoxides 5.21 really is an S,2 process. 
5 3 3  Spectroscopic Evidence For a-Hydmxy Acetal 5.24 Structures 
In the previous section, we indicated that a-hydroxy acetals 5.24 were the sole 
products in the reductive cleavage of epoxy acetals 5.21 with "Super Hydride" and that 
no trace of the regiosomeric a-hydroq acetals 5.25 was found. Since the distinction 
between a- and B-hydroxyacetals by spectroscopic means is not entirely straightforward, 
a separate discussion on the spectroscopic data of these products is presented in this 
section. 
Table 5.2 NMR data of a-hydroqacetals 5.24 
The most relevant 'H- and 13C-NMR data of the a-hydroxy acetals are given in 
Table 5.2. In the 1 3 C - ~ ~ ~  spectra the chemical shifts of the ring carbons C-2, C-4 and 
C-6 provide values that can be considered as normal for these type of acetals. The same 
holds for the chemical shifts of the protons at C-2 and C-4 in the 'H-NMR spectra. 
These data show that the 1,3-dioxane ring has not been cleaved in the reaction with 
"Super Hydride". Cleavage of the acetal moiety was also not expected to take place 
considering the known absence of any electrophilic character in L ~ E ~ , B H . ~ ~  
In the structural assignment of compound 5.24a, the mass spectrum was of great 
value. This mass spectrum showed a 100% peak at m/e = 91, which is unambiguous 
evidence for the presence of a benzyl group in the molecule. This means that the 
hydroxyl group is in the a-position, rather than in the D-position relative to the acetal 
carbon. Moreover, the multiplicities of the proton signals are also in line with an a- 
hydroxy acetal structure 5.24a. In both diastereomers of 5.24a, the diastereotopic protons 
at C-8 are observed as sextets (for the coupling constants see the experimental section). 
The signal of the proton at C-7 is very complex, since the diastereomers are not observed 
separately. The acetal proton, however, is a double doublet. This same discussion can be 
carried out for the compounds 5.24b and 5.24~ and will also lead to the same conclusion, 
namely that a-hydroxyacetals are the sole products in the reductive cleavage of 
epoxyacetals 5.21. 
We also found arguments in the 13C-~MR spectra that support the conclusion 
about the regioselectivity of epoxide cleavage in epoxy acetals 5.21. Similarities in the 
spectra showed us that in all cases the same regioselectivity was operating. For instance, 
if we look at the shifts of the carbon atoms bearing the hydroxyl group (this is C-7), we 
see that they are all in a narrow range of 72-74 ppm. In 13-hydroxyacetal5.25a this carbon 
atom C-7 is expected to show a pronounced downfield shift compared to C-7 in 6- 
hydroxyacetals 5.25b and 5.25c, since it would be attached to a phenyl ring. Such a 
downfield shift is observed for C-8, and this is in line with an a-hydroxyacetal structure. 
53.4 Attempted Hydrolysis of a-Hydmxy Acetals 5.24 
In the previous sections we have shown that diastereomeric pure acetals 2.19 can 
be converted into a-hydroxy acetals 5.24 by a two-step procedure. The NMR spectra of 
the products revealed, however, that the diastereoselectivity in the epoxidation step was 
disappointingly low. The a-hydroxyacetals are, of course, protected a-hydroxy aldehydes. 
Chiral a-hydroxycarbonyl compounds are versatile intermediates, since this 
structural entity is recognized in all kinds of natural products. A number of reports have 
been published on their synthesis and a crucial step in these procedures is the asymmetric 
oxidation of the enolates of the parent carbonyl ~ o m ~ o u n d s . ~ ~ ~ ~ ~  Most of the procedures 
have led to a-hydroxyacids, because the parent acid was derived from a chiral alcohol 
(menthol-derivati~e)~~~~~ or from a chiral amine (amino acid deri~ative).~~ The ultimate 
enantiomeric excesses varied from 20% to 90%. 
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Scheme 5.10 Dimerization and rearrangement of a-hydroxy 
The synthesis of a-hydroxy aldehydes and, to a smaller extent, of a-hydroxy 
ketones are complicated by dimerization and rearrangement problems (Scheme 5.10). 
Dimerization of a-hydroxyaldehydes has been described and is believed to result in 2,5- 
dihydroxy-1,4-dioxanes 5.26 (eq. 1, scheme 5 .10 ) ,~~"~  which can be depolymerized upon 
heating. Mandaldehyde was shown by Evans et al. to exist as a monomer, even in 
s0lution,5~ and lacticaldehyde was obtained from concentrated solutions as a crystalline 
dimeric c~mpound.~' However, in dilute solutions lactic aldehyde was shown to exist as 
a monomer. The tendency to form dimers decreases with a higher degree of substitution 
at the a and B carbon  atom^.^^,^^ 
Rearrangements are usually catalyzed by both acid and base (eq. 2, Scheme 5.10). 
a-Hydroxy aldehydes can rearrange to hydroxyacetones 5.27 or to substituted acyl 
carbinols 5.28. Sometimes, carboxylic acids are encountered as by-products. 
H3r;".9 ,,..' \ 
( + I  0 C1 Et3N/DMAP/Ac20 ) No reaction Hx;oH CH,C12 0°*20*C 
or NaH/DMF/BnCl 
Scheme 5.11 Attempted protection of acetals 5.24 
We anticipated that in any hydrolysis procedure of a-hydroxy acetals 5.24 these 
dimerizations and rearrangement reactions could cause problems. To avoid this, we first 
tried to protect the hydroxy group in 5.24 (Scheme 5.11). Unfortunately, no reaction was 
observed when we tried to benzylate or acylate a-hydroxyacetals 5.24 by standard 
procedures. For instance, benzylation in THF by NaH/benzyl bromide gave only starting 
material, even after reflux for 2 h. Acylation by acetic anhydride in dichloromethane, in 
the presence of Et,N and the strong acylating catalyst dimethyl-aminopyridine (DMAP)~' 
gave the same negative result. This failure of reaction was unexpected and is most likely 
a result of steric hindrance. In any way, ozonolysis of a-hydroxy acetals 5.24, analogous 
to the ozone-deprotection of cyclopropylacetals (see Chapter 4) was impossible without 
prior protection of the hydroxyl group. Enders et al. have recently decribed the 
asymmetric oxidation of chiral ~ ~ ~ ~ / R A M ~ - h ~ d r a z o n e s . ~ ~  Benzylation or acylation of 
the a-hydroxylhydrazones made it possible to deprotect and isolate the benzyl or acyl 
derivatives of a-hydroxy aldehydes in high enantiomeric excesses, without interference of 
the above mentioned dimerization and rearrangement reactions. 
Acid cat. + 
R' -OH HO OH C1 
R 
R 
R = C,H,; CH,; (CH2)2CH3 acid cat.: Ti(OEt),; HC1; H,SO, 
R '  = CH,; C,H5 
Scheme 5.12 Attempted hydrolysis of a-hydroxy acetals 5.24 
Numerous attempts were made by us to realize trans-acetalization of a- 
hydroxyacetals 5.22 with methanol or ethanol. These experiments are summarized in 
Scheme 5.12. The weak Lewis acid titanium tetraethoxide was used because of its known 
capacity to catalyze trans-e~terfication.~' Reflux of a solution of a-hydroxyacetal5.24 in 
ethanol, together with 1.0 equivalent of Ti(OEt), gave no trace of liberated 1-(0- 
chloropheny1)-2,2-dimethyl-1,3-propanediol (2.19), nor of diethyl acetals of a-hydroxy 
aldehydes 5.26; only starting material was isolated quantitatively. Hydrochloric acid and 
sulfuric acid were able to catalyze some trans-acetalization reactions. After 4 h of reflux 
of a solution of an a-hydroxy acetal and a catalytic amount of hydrochloric acid or 
sulfuric acid in either methanol or ethanol, about 30% of the cyclic acetal 5.24 was 
solvolyzed to the free 1-(0-chloropheny1)-2,2-dimethyl-1,3-propanediol (2.19). However 
the counterpart solvolysis product, the dimethoxy- or diethoxy acetals of the a-hydroxy 
aldehydes 5.29, was not observed in 'H-NMR spectra of crude reaction products. 
Apparently, the remainder of the a-hydroxy aldehyde derivative were lost during the 
work-up procedure due to either partial decomposition or rearrangement to carboxylic 
acid. 
In Chapter 3 we described the reaction of acetals 2.19 with borontrichloride in 
dichloromethane, and we observed the formation of 1-aryl-1-chloro-2,2-dimethyl-propan- 
3-01 (3.29) in this acetal cleavage reaction, instead of the expected formation of 1-aryl-2,2- 
dimethyl-1,3-propanediol (2.19). The formation of 8-chloro-alcohol 3.29 was explained 
by the initial formation of a benzylic dichloroboronite, which gave 3.29 after 
rearrangement. As was argued in Chapter 3, alkyldichloro boronite stability decreases 
with a more electron donating ability of the alkyl sub~tituent.~' Dimethoxy acetals 530 
can, in principle, be obtained from a reaction of a-hydroxy acetals 5.24 with boron 
trichloride and after subsequent quenching with anhydrous methanol (Scheme 5.13). 
However, a prerequisite for such a deprotection strategy is the stability of intermediate 
bis-dichloroboronite 530, which need to be sufficient to prevent the dichloroboronite in 
the a-hydroxyaldehyde moiety from rearranging to an a-chloroaldehyde, since loss of 
optical activity is known to accompany such a process.62 When the rearrangement actually 
takes place, a-C1-dimethoxy acetals 531 or possibly a-methoxydimethoxy acetals 532, are 
to be expected as products of the borontrichloride reaction (Scheme 5.13). 
The reaction of an a-hydroxyacetal 5.24 with 2.0 equivalents of BCl, at -20°C in 
dichloromethane gave in all cases reasonable to good yields of R-chloroalcohol 3.29b, 
after quenching with methanol and NaHCO, (Scheme 5.13). The optical rotations of the 
isolated B-chloroalcohols 3.29b, however, were only small and varied from run to run. 
Although the enantiomeric purity of 3.29b could not be established by NMR methods 
(see Chapter 3), literature precedent for alcohol to chloride rearrangement on reaction 
with BC13 show that these reactions normally proceed with almost complete 







5.24a R= CsHS 5.30 
b R= CH, 
c R= (CH,),CH, 
3.29b 5.29 X-OH 
5.31 X-C1 
5.32 X=OCH, 
a measured in CHC13 
Scheme 5.13 Reaction of 5.24 with BCI, 
The cleavage reactions of cyclic acetals described in Chapter 3 showed that six 
membered ring acetals derived from l-a1yl-2,2-dimethyl-1,3-propanediols (2.19) possess 
an enhanced stability towards Lewis acids compared to other acetals of 1,3-diols (see 
Chapter 3 and the cited references there). This fact emerged in the observation that 
when the reaction temperature was maintained below -20°C after the addition of 2.0 
equivalents of BCI, 30-50% of the starting a-hydroxy acetal 5.24 was recovered 
unchanged after 2 h of stirring. All starting material was consumed if the addition of BCI, 
was performed slowly at -20°C and if stirring was continued for 2-3 h, while the reaction 
mixture was allowed to warm up to 0°C. 
Bicarbonate was added to neutralize the acid, since the presence of acid catalyzes 
the rearrangement of alkyldichloro boronites to alkyl halides, and thus the concomitant 
racemization. A second important reason to avoid acidic solution is the known sensitivity 
of a-hydroxy aldehydes and derivatives towards acid and base. Despite this precaution, 
isolation of one of the three possible dimethoxyacetals 5.29a, 5.29b or 5.29~ was difficult 
if at all possible. Isolation of product R = CH, (entry b, Scheme 5.13) was not feasible. 
No traces were found, and the best explanation for this failure is the low boiling point 
of these compounds and a reasonable solubility in water. The compounds listed in entries 
a and c were obtained in low yields. NMR spectra showed that the a-hydrov dimethyl 
acetals 5.29s and 5.29~ were formed in this reaction with 2.0 equivalents of BCI,. 
Reaction of a-hydroxy acetal 5.24a (R = phenyl) with BCl, resulted in the isolation of 
16% of contaminated dimethylacetal of 2-hydroxy-3-phenylpropanal(5.29a). The isolated 
compound showed only a small positive optical rotation = +3,71°). Attempts to 
establish the optical purity through the 3 1 ~ - ~ ~ ~  spectra of the PC],-adducts were 
unsuccessful because no unequivocal interpretation of these spectra was possible. 
Reaction of hydroxy acetal 5.24~ (R = n-butyl) with BCl, gave 19% yield of 
dimethylacetal of 2-hydroxyhexanal 5.29c, but this compound could not be obtained in 
high purity. It probably contained some traces of chloride 531c, and perhaps the o- 
methylated derivative 5.32~. A low optical rotation was measured = + 1,39O). The 
free a-hydroxyhexanol has been described by Levene et al? Ozonolyis of (S)-(+)-3- 
hydroxyheptene6' gave (-)a-hydroxyhexanal. Since the absolute configuration at the 
carbinol center does not change during the oxidative alkene cleavage, we can conclude 
that the absolute configuration of (-)a-hydroxyhexanal is (S). 
5.4 CONCLUDING REMARKS 
In this Chapter the epoxidation of some chiral diastereomerically pure 2- 
alkenylacetals 2.19 was described. Although the reactions proceeded smoothly and high 
chemical yields of epoxides 5.21 were obtained, the diastereomeric excesses of these 
products were low. 
Apparently, no tight well-structured transition state is formed between acetals 2.19 
and m-chloroperoxybenzoic acid, during the oxygen transfer to the carbon-carbon double 
bond. Absence of a H-bond between the peroxy acid and the least hindered ethereal 
oxygen of the acetal ring (the alkyl oxygen and the free rotation of the acyclic alkenyl 
side chain are probably the cause of the lack of preferential oxygen transfer to one face 
of the carbon-carbon double bond. 
Although the epoxides 5.21 were selectively cleaved with LiEt,BH to a-hydroxy 
acetals 5.24, further deprotection to yield useful derivatives of a-hydroxyaldehydes was 
very difficult, and synthetically totally unrewarding in the light of the low 
diastereoselectivity in the epoxidation reaction and the difficulties described. This 
chemistry was not pursued further. 
5.5 EXPERIMENTAL SECTION 
For general remarks, see also the Experimental Sections of the preceding 
chapters. 
Dichloromethane was distilled from phosphorous pentoxide and was stored over 
molecular sieves. Tetrahydrofuran (THF) was distilled under a nitrogen atmosphere from 
sodium/benzophenone prior to use. The m-chloroperoxybenzoic acid (mCPBA, Aldrich) 
that was used in the epoxidation reactions contained 80-85% peroxy compound, the 
remainder being m-chlorobenzoic acid. Lithium triethylborohydride (Aldrich) was 
purchased as a 1.OM solution in THF and was used as such. All other reagents were 
commercially available grades and were used without purification. 
Epoxidation of 2-Alkenylacetals 2.19: General procedure 
An acetal 2.19 (1.0 mmole) was dissolved in 3-5 ml of CH2Cl,. The solution was 
magnetically stirred and cooled down to 0-3OC by means of a melting ice bath. mCPBA 
(85%; 1.2 equivalents) was added all at once. The solution was stirred at 0-3OC for 4-5 
h and was then allowed to warm to room temperature. During the reaction most of the 
m-chlorobenzoic acid precipitated. Next, 10% NaHSO, solution (10 ml) was added and 
stirring was continued for 10 min. Diethyl ether was added and the water layer was 
separated. The organic layer was washed thoroughly with a concentrated NaHC03 
solution to remove all the acid, and then washed with a saturated brine solution. After 
drying the solution was concentrated in vacuo. Purification of the crude product was done 
by column chromatography (neutral A120,; hexane/CH2C12 3:l) or bulb-to-bulb 
distillation. Distillation, however, resulted in a somewhat lower yield due to partial 
decomposition. 
1.42 g (4.32 mmoles) (2R,4R)-(+)-2-(2'-PhenylethenyI)-4-(o-~hlorophenyl)-5,5- 
dimethyl-1,3-dioxane (2.19a) was treated in 15 ml CH2Cl, with 1.05 g (5.18 mmoles; 1,2 
eq.; 85%) of mCPBA according to the general epoxidation procedure. The crude product 
was purified by column chromatography (neutral A1203; hexanelCH2C12 3:l). Yield 1.38 
g; 4.00 mmoles of 5.21a (93%); 
[ c Y ] ~ ~ ~  = + 13,3O (CHC1, c = 1,34). 
'H-NMR (CDCIJTMS): S 0.72 (s, 3H); 0.95 (s, 3H); 3.25 (m, lH, two diastereomers); 
3.70 (m, 2H); 3.92 and 4.00 (2xd, both diastereomers, 1H; 10:7 ratio); 4.74 and 4.79 (2x 
doublet, both diastereomers, 1H; 7:10 ratio); 5.04 (d, 1H); 7.05-7.6 (m, 9H). 
13C-N~R (CDCI,): 19.1 (q); 21.7 (q); 35.5 (s); 54.9 and 55.2 (d, two diastereomers); 61.2 
(d); 78.4 (t); 81.8 (d); 100.2 (d); aromatic signals: 125.7; 126.2; 128.3; 128.7; 129.0; 130.2; 
130.3; 135.3; 136.2. 
1.45g(5.43 mmol) (2R,4R)-(+)-2-(E-1-Propenyl)-4-(o-chlorophenyl)-5,5-dimethyl- 
1,3-dioxane (2.19b) was treated in 15 ml CH2C12 with 1.32 g (6.50 mmol; 1.2 eq.; 85%) 
of mCPBA according to the general epoxidation procedure. The crude product was 
purified by column chromatography (neutral A120,; hexane/CH2C12 3:l); yield 1.51 g 
(5.34 mmoles) of 5.21b (95%); 
[a],, = +45.3" (CHCI, c = 1.27). 
'H-NMR (CDCIJIMS): 8 0.65 (s, 3H); 0.90 (s, 3H); 1.23 (m, 3H); 2.85 (m, 1H); 3.05 (m, 
1H); 3.60 (m, 2H); 4.55 (2xd, lH, two diastereomers); 5.00 (2xs, lH, two diastereomers); 
7.00-7.65 (m, 4H). 
1 3 c - ~ h 4 ~  (CDCI,): 8 16.8 (q); 18.9 (q); 21.4 (q); 35.2 (q); 50.9 and 51.1 (2xd, two 
diastereomers); 58.1 (d); 78.0 (t); 81.4 (d); 100.6 and 100.9 (2xd, two diastereomers); 
aromatic signals: 125.9; 128.5; 128.8; 129.9; 132.4; 135.2. 
1.48 g (5.00 mmoles) of (2R,4R)-(+)-2-(E-1'-Pentenyl)-4-(o-chlorophenyl)-5,5- 
dimethyl-1,3-dioxane (2.19~) was treated in 15 ml CH2C12 with 1.22 g (6.00 mmoles; 85%) 
mCPBA according to the general epoxidation procedure. The crude product was purified 
by column chromatography (A1203-neutral; hexane/CH2C12 3:l); yield 1.37 g (4.41 
mmoles) of 5 .21~ (88%); 
[a],, = 37.4' (c = 2.50 CHCl,). 
'H-NMR (CDClflMS): S 0.70 (s, 3H); 0.85 (m, 5H); 0.97 (s, 3H); 1.45 (m, 2H); 2.92 (m, 
1H); 3.05 (m, 1H); 3.67 (m, 2H); 4.60 (m, 1H); 4.97 and 5.03 (2xs, lH, two 
diastereomers); 7.10-7.50 (m, 4H). 
13C-NMR (CDCI,): S 13.6 (q); 18.9 (q); 19.7 (t); 21.6 (q); 33.1 (t); 35.3 (s); 55.0 (d); 57.1 
(d); 78.2; 81.6 (d); 100.7 (d); aromatic signals: 126.0; 128.5; 128.8; 130.1; 132.6; 135.2. 
Reductive Cleavage of Epoxides 5.21 with LiEtpH. General Procedure 
An epoxyacetal (1.00-5.00 mmoles) was dissolved in 5-10 ml of freshly distilled 
THF (sodium/benzophenone, N2-atmosphere) in a well dried nitrogen flushed three 
necked flask. The solution was magnetically stirred under a dry nitrogen atmosphere and 
was cooIed down to 0°C. LiEt3BH (1.5 equivalents) was then dropwise added to the flask 
through a rubber septum and by means of an oven dried (T 100°C) nitrogen flushed 
syringe. The resulting clear solution was stirred for another 3-4 h, and was then allowed 
to reach room temperature. Next, water was carefully introduced and the mixture was 
stirred for 10 minutes. Ether was added and the water layer was saturated with K&03. 
The layers were separated and the water layer was twice extracted with ether. The 
combined ether layers were dried (Na2S0,) and then concentrated. The crude product 
was purified by column chromatography (neutral A&03) and by eluting first with 




(2R,4R)-(+)*,&Epoxy acetal 5.21a ([a]578 = + 13.3'; 325 mg; 0.92 mmoles) was 
dissolved in 4 ml of THF and treated with a 1.0 M solution of LiEQBH according to the 
general procedure. The crude reaction product was purified by column chromatography 
(neutral A1203; hexane/CH,Cl, 3:l and CH2C12). Yield 156 mg of a colourless oil (0.45 
mmoles; 49%); 
$1, = +8.63" (C = 0.63; CHC13). 
H-NMR (CDClJTMS): S 0.80 (s, 3H); 1.15 (s, 3H); 2.45 (br, 1H); 2.92 (sextet; 2 H  2~ 
= 11.3 Hz; 'J = 3.2 Hz; minor diastereomer); 3.10 (sextet; 2H; 2~ = 13.2 Hz; 3~ = 5.3 
Hz; major diastereomer); 3.75 (2 x d; 2~ = 17.9); 4.00 (m, 1H); 4.68 (dvd; 1H); 5.10 (s, 
1H); 7.08-7.60 (m, 9H). 
13 C-NMR (CDCI,): 6 19.1 (q); 21.6 (q); 35.4 (s); 37.2 and 37.5 (2 x t; two diastereomers); 
72.8 and 73.1 (d; two diastereomers); 77.2 (t); 81.6 (d); 102.2 (d); 126.0; 128.1; 128.6; 
129.3; 130.1; 132.6; 135.4; 135.5; 138.0 (aromatic signals); 
Mass spectrum: m/e = 91 (100%) exact mass: 346.151 (calc 346.154). 
(2R,4R)-(+)a-Epoxyacetal (5.21b) (825 mg; 2.92 mmoles; [a],, = 45.3") was 
treated in 6 ml of THF with 4.4 ml of 1.0 M LiEt3BH solution in THF, according to the 
general procedure. The crude product, 781 mg, was purified by columnchromatography. 
Yield 481 mg (1.70 mmoles) of a-hydroxy acetal 5.2413 (58.5%); 
[ff]578 = 2.44' (CHC13 c = 2.46). 
'H-NMR (CDClJlMS): 6 0.70 (s, 3H); 1.05 (s + m, 6H); 1.54 and 1.74 (2 x m, 2H, two 
diastereomers); 5.05 (s, 1H); 7.1-7.6 (m, 4H). 
1 3 C - N ~ ~  (CDCI,): 6 8.80 (q); 19.6 (q); 21.6 (q); 24.0 and 24.3 (2xt; two diastereomers); 
35.5 (s); 73.5 and 73.6 (2xd; two diastereomers); 78.3 (t); 81.6 (d); 102.9 (d); aromatic 
signals: 128.6; 129.0; 130.2; 132.7; 135.5 and 135.7. 
IR (CCI,): 3200 (br, OH). 
(2R,4R)-(+)a-Epoxy acetal 5.21~ ([a],,, = +37.4'; 311 mg; 1.00 mmole) was 
treated in 4 ml of THF with 1.5 ml 1.0 M LiEt3BH solution in THF, according to the 
general procedure. The crude product was purified by column chromatography. 
Yield 195 mg (0.60 mmoles) of (+) a-hydroxyacetal5.24~ (60%); [a],,, = +27.3' (CHCl, 
c = 1.95). 
'H-NMR (CDClJlMS): 6 0.75 (s, 3H); 0.90 (m, 3H); 1.00 (s, 3H); 1.3 (m, 4H); 1.5-1.8 
(m, 2H); 2.25 (br, 1H); 3.75 (m, 3H); 4.63 (2xd, lH, two diastereomers); 5.05 (s, 1H); 
7.10-7.60 (m, 4H). 
',C-NMR (CDCI,): 6 13.9 (q); 19.2 (q); 21.7 (q); 27.6 (t); 30.7 and 31.0 (W, two 
diastereomers); 35.5 (s); 72.2 and 72.4 (2xd; two diadstereomers); 78.3 (t); 81.6 (d); 103.1 
(d); aromatic signals: 126.1; 128.6; 129.0; 130.2; 132.7; 135.6. 
Reaction of a-Hydroxyacetal 5.24 with BCI,. General Procedure. 
Under a dry nitrogen atmosphere was dissolved, in freshly distilled CHzClz 
(P,05/Nratm.), an a-hydroxy acetal5.24 to a concentration of approximately 0.5 M. The 
solution was magnetically stirred and cooled to -200C. Borontrichloride (2.0 equivalents) 
was added dropwise as a 1.9 M solution in CHzClz by means of a nitrogen flushed 
syringe. During the addition the solution gradually coloured from light yellow to dark 
brown. The solution was continuously stirred during 2.5-3 h, in which time it slowly 
warmed up to PC. Finely powdered NaHC0, was introduced, followed by the addition 
of 10-15 ml of cold methanol. Stirring was continued for 15-20 minutes at PC. The 
methanol was evaporated at reduced pressure and the residue was again dissolved in 
CH2C1,. The solution was successively washed with 10% NaHC0,-solution, dried over 
Na,S02 filtrated and concentrated in vacuo. 
Reaction of (2R,4R)-(+)-2-(1'-hydroxy-2'-phenylethyl)-4-(o-chlorophenyl)-5,5- 
dimethyl-13-dioxane (5.24a) with BCl,. 
Hydroxyacetal 5.24a (2.32 g, 6.60 mmoles) = +8.63') was treated with 2 
equivalents of BCl, (13.4 mmoles; 7 ml 1.9 M solution in CH,Cl,) according to the 
general procedure, After the work up procedure an oily residue remained (1.85 g); 
Column chromatography (Al,O, neutral CH,ClDexane 1:l) gave 997 mg (4.28 mmoles; 
64%) of l-chloro-l-(o-chlorophenyl)-2,2-dimethylpropan-l-ol(3.29b) with [a]578 = + 1-98' 
(CHCI, c = 0.67) and showed the same spectroscopic data as described in Chapter 3; 
and 209 mg impure dimethyl acetal of 2-hydroxy-3-phenyl propanal 5.29a (1.07 mmoles; 
16%) with [a],,, = +3.71° (EtOH, c = 0.37). 
'H-NMR (CDCIJI'MS): 8 2.3 (br, 1H); 2.90 (m, 2H); 3.40 (s, 6H); 3.95 (m, 1H); 4.28 (d, 
lH, 3~ = 5.9 Hz); 7.2 (m, 5H). 
IR (CCI,): 3200 cm-' (OH). 
Reactionof(2R,4R)-(+)-2-(l'-hydm~propyl)-4-(o-chlorophenyl-5,5-dimethyl-1~- 
dioxane (5.2413) with BCI, 
a-Hydroxyacetal 5.24b (324 mg, 1.14 mmoles) was treated with 2 equivalents 
BCI,, according to the general procedure. After work-up a light yellow oily residue 
remained. Bulb-to-bulb distillation (180°C 0.1 mm Hg) gave 203 mg of an oil which 
solidified on standing and was shown to be pure 1-chloro-1-(0-chloropheny1)-2,2- 
dimethylpropan-1-01 (3.29b). It showed the same spectroscopic data as described for 
3.29b in Chapter 3. No traces of 5.29b were found. 
Reactionof (2R,4R)-(+)-2-(i-hydro~pentyl)-4-(o-chlorophenyl)-5,5-dimethyl-l~- 
dioxane (5.24~) with BC13. 
a-Hydroxyacetal5.24~ (1.84 g, 5.88 mmoles) was treated with 2.0 equivalents BCl, 
according to the generalv procedure. The oily residue that remained after work-up was 
subjected to a bulb-to-bulb distillation. Two products were isolated: B-chloro alcohol 
3.29b and 5.29~. 
Dimethylacetal of 2-hydroxyhexanal(5.29~): yield 187 mg, b.p. 155°C (17 mmHg) 
(1.15 mmole; 19%). 
[a],, = + 1.39' (EtOH, c = 0.26). 
'H-NMR (CDCIJIMS): S 0.85 (t, 3H); 1.10-1.55 (m, 6H); 2.1 (br, 1H); 3.36 (2xs, 6H); 
4.20 (d, lH, 3J = 7.3 Hz). 
IR (CCl,): 3320 cm-' (OH). 
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